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INTRODUCTION

Of all the plant-feeding insects, the largest family of aphids, the Aphididae
(Hornoptera), are probably the most universal in distribution.

One of the most

important characteristics which have allowed aphids their high degree of adapt¬
ability and success on the plants which they inhabit is their method and rate of
feeding.

The method of feeding is that of sucking the plant's nutrient sap.

This

allows for the high rates of feeding of aphids as compared to other insects
(Kennedy and Stroyan, 1956).
The method of feeding is also responsible for severe injury to plants; directly
by sucking the plant's nutrients, indirectly by transmitting numerous plant viruses.
Indeed, the Aphididae are the largest group of insect vectors of plant viruses
from the standpoint both of numbers of viruses transmitted and species of insect
involved (Carter, 1962).

Myzus persicae (Sulzer) alone transmits more than 182

plant viruses to its hosts which include some of the most economically important
plants in the world.

Examples of such host plants susceptible to both aphid

infestation and virus infection are beans, sugar beet, sugar cane, brassicas,
potatoes, tobacco, tomato and citrus (Kennedy, et al., 1962).
Chemical and bio!epical controls of plant pests also control the plant viruses
for which they act as vectors.

Any effective program of control must be based

upon knowledge gained from the study of insect-plant interactions.

The chemical

and physical constituents of plants which render them susceptible ot resistant to
attack by insects can be understood and explained in terms of the behavioral and

physiological characlerisfics of the insect.
In studies of host selection by aphids, it has generally been agreed that the
probing activities which occur after alighting seem most important for species
selection by aphids (van Emden, et al., 1969).

This stage of behavior is influ¬

enced by the chemical and physical constituents of the plant.

Retake-off or

arrestment by the aphid normally follows a short period of probing.

These are

'test' probes which presumably indicate to the aphid the acceptability and perhap
the degree of suitability of the plant for colonization.

If the plant is accepted,

then continued feeding will occur.
A factor v/hich allowed the feeding behavior of aphids to be studied over a
long time Interval was the development of a recording technique by McLean and
Kinsey (1964; 196v5).

Previously, almost all data on probing-feeding responses

of aphids had come from direct observation, in particular the timing of Individual
probes and results from choice-chamber studies.
The technique of McLean and Kinsey involves using the insect as part of an
electrical circuit.

The insect is placed in series with a voltage source and a

recorder so that when the aphid probes into a substrate and fills its stylets with
fluid, the circuit is completed.

Voltage variations produced by the flow of

liquids within the stylets are amplified and recorded on the strip charts.

The

characteristic patterns provide permanent, objective data of the feeding behavior
for any length of time desired.
In 1966, Schaefers found that the same circuit using a direct current source
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would produce similar patterns.

This modified technique uses two mercury

batteries as the voltage source.

Again, the aphid is placed in series with ihe

recorder and voltage source so that when it probes, the circuit is complete.
The use of direct current to record aphid feeding was tested and found to be
satisfactory for use in the experiments presented in this thesis.
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OBJECTIVES

The objective of this work is to observe the feeding behavior of the green
peach aphid, M. persicae, in both host and non-host plants and various nutrient
solutions, in order to provide additional data in the study of insect-plant Inter¬
actions.

I

5

LITERATURE REVIEW

Aphid Feeding Behavior and Nutrition

General introduction.

The artificial rearing of a few species of aphids on

chemically defined diets has met with much success.

In particular, the green

peach aphid, M. persicae (Mittler and Dadd, 1962; Dadd and Mittler, 1966),
the pea aphid, Acyrthosiphon pisum (Harris) (Auclair and Cartier, 1963; Auclair,
1965), and the bean aphid. Aphis fabae Scopoli (Dadd and Krieger, 1967) have
been successfully reared through several generations on artificial diets.

Conse¬

quently, the data on the nutritional requirements of aphids has become much more
complete and is shov/n to be generally similar to those of other insects (Auclair,
1969).
In general, the list of nutritional requirements for aphids includes amino
acids, water-soluble vitamins, salts and sucrose.

Chemicals which are considered

to be phagostimulatory in nature have played a key role in the development of
the artificial diets.

Sucrose is perhaps the most well-known phagostimulant.

It

is also an important nutritional requirement for those species of aphids thus far
studied.

Very little feeding occurs on complex diets lacking in this sugar

(Auclair, 1969).

The acceptability of various amino acids (and diets) is greatly

enhanced when sucrose is added to the solution (Mittler and Dadd, 1964;
Mittler, 1967a).
Other chemicals termed 'secondary' substances which may have no nutritive
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value have also been implicated in the role of phagostimulation (Fraenkel, 19»>'9;
1969).

As an example, the alkaloid spartein was identified as the specific

attractant for Acyrthosiphon spartii (Koch) on the broom plant, Sarothamnus
scoparius L. (Smith, 1966).
Wensler (1962) sfiowed that sinigrin is a specific stimulus for host selection
by the cabbage aphid, Brevicoryne brassicae.

The aphid would feed on leaves

of broad bean, Vicia faba L. , a non-host plant, only if the leaf was treated with
sinigrin through the petiole.

Discrimination occurred only after the stylets pene¬

trated the leaf surface.
Results from studies of aphids on artificial diets can be correlated with their
nutrition on host plants (Auclair, 1969).

Thus the gustatory responses of aphids to

chemicals are important not only in the development of artificial diets but also in
the understanding of aphid host selection mechanisms.
The feeding behavior of M persicae (Sulzer) in relation to nutrients.

The

feeding responses of the green peach aphid, M. persicae, have been studied in
terms of gustatory discrimination between various chemicals, especially sucrose
and various amino acids.
Data showed that more aphids imbibed a greater amount of sucrose solution
than water and thus indicated that sucrose acted as a phagostimulant (Mittler and
Dadd, 1963a).

The optimum concentration range was 10-20 per cent sucrose.

Choice-chamber tests involving 5, 10, 20, and 40 per cent sucrose against each
other or with water showed that M. persicae could discriminate between these
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fluids (Miiiler and Dadd, 1964).

In single-choice tests of 10 and 20 per cent

sucrose against water, both sucrose solutions were preferred to water.

In multiple-

choice tests using the four sucrose concentrations, acceptability increased with
increosing concentrations of sucrose up to 20 per cent and fell at 40 per cent
sucrose.

The optima! acceptable solution, 20 per cent sucrose, corresponds with

the previous work mentioned (Mittler and Dadd, 1963a).
Duration of initial probes of M. persicae was longer (greater than one minute)
with 20 per cent sucrose solution than with vv'ater (1/4-1/2 minute) (Mittler and
Dadd, 1965).

Survival and larviposition of adult apterous M. persicae was also

optimal at the sucrose concentration of 10-20 per cent (Mittler and Dadd, 1963b).
The ability of M. persicae to discriminate between fluids other than sucrose
solutions and v/ater in choice-chambers was also tested (Mittler and Dadd, 1964).
Six essentia! L--amino acids were tested in the following combinations: (1) amino
acids/sucrose versus sucrose; (2) amino acids/sucrose versus water; (3) amino acids
only versus Vv'ater.

The amino acids were asparagine, leucine, lysine, methio¬

nine, threonine, and valine, each present at 0.1 per cent in the mixture.
Aphids discriminated more rapidly and distinctly between the amino acids/
sucrose versus sucrose test than in any of the others.

On the other hand, there

was virtually no discrimination between the solution of six amino acids in water
and water.

The authors concluded that "the amino acids lacked the ability to

evoke gustatory responses in M. persicae on their own, but must act synergistically in combination with sucrose.
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Probe duration data indicated that with the mixture of six L-amino acids
plus sucrose, 49 per cent of all first probes (n=75) were greater than four minutes
(Mittler and Dadd, 1965); whereas, only 33 per cent of the initial probes (n=132)
into sucrose solution were greater than four minutes.

In contrast, most initial

probes into the six amino acids in water lasied only between 15 seconds and one
minute.

These results are somewhat in agreement with the choice-chamber studies

where no apparent discrimination occurred between the solution of six amino acids
in water versus water.
Initial probes into water alone also lasted between 15 seconds and one
minute.

However, the median value of initial probe duration is slightly greater

for the solution of six amino acids in water than for water alone, 47 and 27
seconds, respectively.

A few probes (5 per cent; n=180) lasted two to four or

more minutes with water, and slightly more (16 per cent; n=50) were also in
these high categories with six amino acids in water.
Mittler and Dadd (1964) conducted tests to determine which, if any, of the
amino acids was responsible for the increased preference by M. persicae for the
amino acid plus sucrose mixture.

The results of single-choice chamber tests,

showed that of the six amino acids compared individually, each at 0. 1 per cent
in 20 per cent sucrose, against 20 per cent sucrose, only leucine and methionine
were preferred.
In a later study (Mittler, 1967b) additional amino acids were tested in a
similar manner (single-choice chamber tests) in an effort to develop a synthetic
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diet for the artificial rearing of A/\. persicae.

In addition to methionine and

leucine, those L-amino acids v/hich strong!/ enhanced the sucrose solution were
phenylalanine, isoleucine, tryptophan, and asparagine.

Conversely, those which

slightly deterred feeding were histidine, glutamic acid, and arginine.
In growth experiments with synthetic diets lacking single amino acids
(Dadd and Krieger, 1968) one of those v/hich deterred feeding, histidine, was
found to be essentia! for growth of at least two generations of M. persicae.

In

addition to the retardation of growth, diets lacking either methionine or histidine
elicited an increase in the proportions of apterae that developed from larvae
placed on them (Dadd, 1968).

However, of the five amino acids (methionine,

isoleucine, histidine, cysteine and lysine) which in any way adversely affected
growth of the first generation if individually omitted from the diet, methionine
was the only one upon whose omission growth was halted completely (Dadd and
Krieger, 1968).
The phagostimulatory property of methionine was considered to enhance
ingestion by M. persicae of a synthetic diet (Mittler, 1967c).

Uptake studies

were performed in which a standard diet was compared with the same diet lacking
only in methionine.

The results showed that aphids ingested approximately one-

half of the methionine-free diet as opposed to the complete standard diet.
Thus, the property of certain compounds to act as phagostimulants is
important in not only indicating to the aphid an acceptable food source but also
in stimulating the aphid to ingest more fluid.

This may also have an effect on
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the aphid's relationship with its host plant.

In particular, the ecology of the

aphid may be affected by small differences in the composition of the plant s

5ap-.-._j,e.,

differences in the relative presence or absence of phagostimulants

(Mittler, 1967c).
The feeding behavior of M. persicae in relation to intact plants.

The initial

probing behavior of M. persicae on intact plants consists of short repeated stylet
penetrations at different sites.

This behavior is usually more characteristic for

fasted or alate aphids (Bradley, 1952; Dickson, et al., 1949).

On Nicotiana

rustica over 85 per cent of the aphids (fasted approximately four hours) maintained
their initial probe from only 10-30 seconds (Bradley, 1952).

Although many of

the initial probes of non-fasted aphids were brief, many usually lasted several
minutes and, in some cases, for hours.
The first two or three probes of M. persicae (fasted one hour) into leaves of
sugar beet, Be^ vulgaris L., were initiated abruptly (Esau, et d., 1961).

The

later penetrations were preceeded by light, rapid taps on the leaf surface v/ith
the tip of the proboscis.
reached the phloem.

Penetrations of short duration (0-4 minutes) rarely

Presumably, at least 30 minutes were required for the

stylets to penetrate through the sugar beet leaf tissue to the phloem.
Studies on the feeding of M. persicae on radioactive turnip and tobacco
leaves (Watson and Nixon, 1953) showed that the uptake of sap by aphids
increased after one hour of feeding.
presumably reached the phloem.

This correlates with the time the aphids

However, there was some suggestion that a
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small amount of plant sap vyas imbibed between 0 and 15 minutes of feeding.

Tbe

authors speculated that it may either have been picked up immediately after pene¬
tration or imbibed in small but constant amounts during the first half-hour of
feeding.
Day and Irzykiewicz (1953) observed that M. persicae imbibed sap from
radioactive cabbage leaves within 10 minutes of penetration.

Data indicated

that sap imbibition proceeded at a more or less constant rate from 10-20 minutes,
and was increased by a factor of about 3X after 30 minutes and 30X after one
hour.
Roberts (1940) showed that M. persicae on tobacco will rarely reach the
phloem vyithin 15 minutes.

After one hour of feeding, 55 per cent (five out of

nine) of the aphids were feeding in the phloem.

Similarly, on sugar beet leaves,

only 11 per cent of the aphids reached the phloem after 15 minutes of feeding.
After two hours approximately 50 per cent were feeding in the phloem.
Therefore, the findings with radioactive tracers indicate that the aphids may
have imbibed fluids from cells other than those of the phloem.
supported by other studies (Esau, et al., 1961; Lowe, 1967).

This conclusion is
Esau observed that

approximately 50 per cent of the longer, deep penetrations of M. persicae on
leaves of sugar beet reached the vascular bundles and terminated in the phloem.
The others terminated in the mesophyll or other parenchyma.
Lowe (1967) observed aphid stylet tracks produced in mature leaves of
broad bean, Vicia faba.

Of the aphids observed (n=50 to 6Q) 85.1 per cent of
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the young larvae and 34.2 per cent of the adults terminated their deep probes In
the spongy mesophyll.

Although larvae probed the mesophyll more frequently

than adults, this particular leaf tissue apparently offered an alternative food
source for all instars.

The settling distribution also indicated that approximately

20 per cent (n=1250) of M. persicae may feed away from veins-six per cent
settled on the lamina of the leaf, 14 per cent on the margin.
In nearly every case the path of the stylets was Intercellular.

Salivary

stylet sheaths that reached the vascular bundle terminated in the phloem.

Those

which terminated in the spongy mesophyll were also intercellular.
Smith (1926) also observed that on potato leaves, the stylets of

persicae

penetrated intercellularly in the majority of tissues studied.
In contrast to these data, Roberts (1940) observed that the stylets of M.
persicae penetrated primarily intra- rather than inter-cellularly in leaves of both
tobacco and sugar beet.

After two hours of feeding on leaves of sugar beet, 75

per cent (n=12) of the deep penetrations (50 per cent terminating in phloem) were
intracellular and 25 per cent were intercellular.

After 24 hours of feeding, 55

per cent (n=9) of the deep penetrations (77 per cent reached the phloem) were
intracellular and 45 per cent were intercellular.

However, on tobacco it was

the shallower probes (one per cent reached the phloem after 15 minutes of
feeding) rather than the deeper probes (56 per cent reached the phloem after one
hour of feeding) that were primarily intracellular in their method of penetration.
For the 15 minute feeding, (n--8) 75 per cent were intracellular, 25 per cent
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were intercellular.

For the one hour feeding, (n=9) 33 per cent were intracellular,

33 per cent were intercellular, and 33 per cent were considered doubtful as to
their method of penetration.
Adams and McAilan (1956) demonstrated the presence of pectinase in the
saliva of M. persicae.

It was suggested that the enzyme, secreted by the

advancing stylets, aided intercellular penetration through leaf tissue by breaking
down the pectin of the middle lamellae (Adams and McAllan, 1958; McAllan and
Adams, 1961).

Aphids which lacked pectinase were not able to penetrate through
/

the middle lamella (McAllan and Adams, 1961).
In a later study (Adams and Drew, 1965) it was found that the saliva of M.
persicae also contained a cellulose-hydrolyzing factor.

The presence of this

factor could then aid the aphid in breaking down the cellulose component of the
plant cell v/all and again facilitate the passage of aphid stylets through the plant
tissue.

Therefore, an aphid such as M. persicae which possessed both factors

would have the ability to penetrate both intra- and inter-cellularly.

Techniques

Indicators.

Various methods have been employed for studying the feeding

behavior of aphids.

Indicators such as radioactive tracers and dyes have been used

to determine the volume of fluid imbibed.

Hamilton (1935) studied the feeding

behavior of M. persicae using polonium as the radioactive tracer dissolved in a
sugar-agar medium and contained behind a plant (cabbage) epidermal membrane.
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The average volume of licjuid imbibed per 100 aphids was 1.05 ul. with a variation
of from 0.26 to 2.9 ul.

The mean amount for 12 hours of feeding was 0.69 ul. and

for 24 hours of feeding was 1.38 ul.

However, due to the high variability obtained,

the two figures are not statistically significant.
This method was improved by Day and Irzykiewicz (1953).

The feeding

behavior of the aphids M. persicae and Brevicoryne brassicae was studied with
radiophosphorous.

In an artificial feeding situation, the membrane through which

the aphids penetrated was a plastic material, "Plas-B-Loon .

The mean volume of

10 per cent sucrose solution imbibed by M. persicae was 0.002 ul./insect in 45
minutes and 0.016 ul./insect in 16 hours of feeding.

Figures obtained for B.

brassicae Vv^ere 0.002 and 0.025 ul ./insect after one and 24 hours of feeding,
respectively.
Day and Irzykiewicz (1953) were also able to obtain uptake measurements
using plant material.

The isotope was introduced, via the petiole, into leaves

of Chinese cabbage, Brassica chinensis L.

The mean weight of plant material

imbibed by M. persicae after 10, 20, and 30 minutes of feeding was 0.0002,
0.0023, and 0.0078 mg./insect) respectively.

After one and six hours of feeding,

the figures were increased 0.0678 and 0.2795 mg./insect, respectively.
was considerably lower for

brassicae.

Ingestion

The mean weight of plant material

imbibed after one and six hours of feeding was 0.0027 and 0.1310 mg./insect.

respectively.
Watson and Nixon (1953) also used plant tissue.

Turnip, sugar beet, and
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tobacco plants were either treated with

P in a culture solution (turnip and sugar

beet) or leaves were detached and then immersed in the radioactive solution
(tobacco and turnip).

After aphids were allowed to feed on the leaves, the

activity of both the aphid and the leaf was measured.

The mean rate of uptake

was determined for aphids feeding on radioactive turnip.

Approximate values for

feeding times of 0-], 1-4, and 6-24 hours was 10.50, 41.62, and 17.01 ug./
hours, respectively.
Dyes, such as neutral red, incorporated into artificial diets have also been
used to determine amounts of aphid ingestion (Mittler and Dadd, 1963a; Parry and
Ford, 1967; 1969).

The relative uptake of solutions containing neutral red were

able to be observed through the intact body of all instars of M. persicae (except
alate adults).

However, further experiments showed that neutral red in the

feeding fluids had an adverse effect on survival and larviposition (Mittler and
Dadd, .1963b) and was discriminated against in simple choice tests (Mittler and
Dadd, 1964).
Weighing aphids before and after feeding has been used (Mittler, 1967a;
1967c; Auclair, 1965; Mittler, etal., 1970).
Finally, physiological responses such as fecundity, longevity, excretion,
and wing determination have been used as criteria in the evaluation of the
feeding response of aphids to various plant and artificial substrates (Bragdon and
Mittler, 1963; Dadd and Krieger, 1968; Dadd et al., 1967; Mittler and Dadd,
1963b; Mittler, etal., 1970).
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Choice chambers.

The acceptability of various substrates to M. per^

has beerr deterrrrined by the use of choice chambers (Mittler and Dodd, 1964;
Mittler, 1967b).

The number of aphids that settled on the two membranes of

stretched Parafilm "M" in a single-alternative choice chamber was used as the
criteria for the relative preferences of the two fluids (see also Moon, 1967).
Probe analysis.

Probe analysis consists of:

(a) timing of individual probes,

and/or counting the number of probes in a given time period (Zettler, et ol.,
1969; Esau, et ol., 1961; Roberts, 1940; Mittler and Dadd, 1965; Bradley, 1952;
Sylvester and Richardson, 1963); (b) counting salivary sheaths and 'blobs' to
determine duration and depth of penetration (Lowe, 1967; Mittler and Dadd,
1965; Mittler and Dadd, 1963a); and (c) histological sectioning of plant tissue to
determine depth and position of the stylet tracks (Davidson, 1922; Lowe, 1967;

Esau, etal., 1961; Roberts, 1940).
Electrical recording.

The long-term feeding behavior of phytophagous

insects has been studied with the electronic recording technique developed by
McLean and Kinsey (1964; 1965; 1967; 1968) and McLean and Weigt (1968).
u involves using the insect as part of an electrical circuit.

Using a 6 V. a.c.

filament transformer and a potentiometer, voltage was introduced into the leaf
substrate via a copper plate to which the leaf was clamped.

One end of a thin

wire wos attached with quick-drying silver conducting paint to the dorsum of an
aphid;

The other end of the wire was connected in series to an amplifier, a
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diode bridge rectifier, and a strip-chart recorder.

Hence, the circuit v/as

completed when the aphid probed into the substrate and filled its stylets with
fluid.

Voltage variations produced by the flow of liquids within the stylets were

amplified and recorded on the strip charts.

The characteristic patterns provided

permanent, objective data of the feeding behavior for any length of time desired,
Schaefers, (1966), found that a modification of this circuit using direct
current source also produced similar voltage patterns.

This modified technique

used two 1.4 V. mercury batteries as the voltage source.
essentially the same.
feeding substrate.

The circuitry was

Potential from one battery terminal was introduced into the

The other battery terminal and the aphid were connected

directly to the input terminals of a d-c recorder.

Again the aphid was placed in

series so that when it probed, the circuit was complete.
McLean and Kinsey, (1968), studied the probing behavior of the pea aphid,
Acyrthosiphon pisum Harris, into host and non-host plants over a period of 24
hours.

The electronically recorded feeding patterns disclosed the presence of

two basic activities-salivation and ingestion (McLean and Kinsey, 1964;
1965) characterized by voltage increases and decreases,
McLean and Kinsey (1964) hypothesized that "... the peak and depres¬
sion activity on the chart was correlated with liquid volume increases or decreases
through the stylets, that is, the more liquid the aphid ingests or salivates, the
higher the voltage recorded".
This hypothesis was tested by recording a volume of liquid passing at
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different rates through a glass capillary tube (McLean and Kinsey, 1964).
Voltage was introduced via a small wire at one end of the tube, the other end
was placed in a small chamber containing tap water.

When the water flowed

through the tube and touched the wire, the circuit was completed and was
recorded by the pen moving upward and remaining at a constant level.

Suction

applied at the upper end of the tube again caused the pen to move upward indi¬
cating an increase in voltage.
to the lower level.

When the suction was released, the pen dropped

An increase in voltage also occurred when water was blown

through the tube and when the pressure was increased.

These observations

confirm the original hypothesis of voltage variations.
The aphids also produced rhythmic curves which McLean and Kinsey
observed to be correlated with a pumping movement of the stylets.

An upv/ard

movement of the stylets caused a peak or increase in voltage; a downvv'ard move¬
ment produced a depression or decrease in voltage.

The authors suggested iliOt

this rhythm could be related to ingestion, salivation, or a combination of both.
The patterns recorded would therefore be a manifestation of the action of the
cibaria! pump in the case of ingestion.
In a later work, McLean and Kinsey (1965) were able to correlate the
voltage patterns with other pea aphid activities during a probe.
Using parafilm-covered feeding cages with a 20 per cent sucrose solution as
the liquid substrate, crushed and filtered particles of 'Chinese stick ink' were
added in order to observe ingestion activities.

Individual aphids were v/ired.
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placed on the parafilm membrane and allowed to probe into the solution.

Most

aphids immediately began salivation activities in the following manner: A small
amount of sheath saliva was secreted of which a portion was expanded into a
bulge apparently by other liquid secretions.

The expansion process produced

rhythmic curves with voltage increases corresponding to the liquid secretions.
The "salivation" curve is characterized by high voltage peaks, one after another
in rapid succession.
A drop in voltage was recorded when the aphid ingested the substrate liquid
and ink particles.

Frequently, this drop in voltage lasted only a few seconds

and was immediately followed by a renewal of the sheath secretion.

This may be

a sampling of the substrate since extended ingestion occurred after this and was
of much longer duration.

The recorded ingestion curves were characteristicoMy

flatter than those of salivation and had a succession of low amplitude pulses.
It was also found that the salivation peaks were consistently higher than those of
ingestion.
Similar salivation and ingestion curves were also recorded when aphids
v/ere allowed to probe into leaf veins and veinlets of its host plant, Vida faba
L.

However, other curves were produced which were not observed when aphids

probed into sucrose.

It was proposed that these curves, labeled X and Y, may

have been short ingestion or sampling and salivation, respectively, since the
peaks were in some ways similar to those previously recorded and identified.
Histological sectioning of plant parts penetrated by the aphids revealed that
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aphid siylet position within the plant may be correlated with particular voltage
curves (McLean and Kinsey, 1967).

When individual pea aphids were allowed

to probe in only secondary leaf veinlets of its host plant, the patterns, salivation
(S), ingestion (I), X, and Y were produced in distinctive sequences during almost
all extended probes.

The sequences were: S-l (salivation followed by ingestion),

S-X-Y-i (salivation -X-Y-ingestion), S-X-S-l (salivation-X-salivation-ingestion).
The sequences were used to determine the position of the stylets within the
plant when salivation or ingestion of sap occurred.

Most of the aphids which

were allowed to complete these sequences (including only S-X) were found with
the tips of their stylets inserted into phloem tissue.

The X waveform was shown

to be produced only when aphid stylet tips made contact with or pierced phloem
sieve elements.

In other words, aphids which were only allowed S patterns hao

not yet reached the phloem.
The stylets of aphids that produced longer S patterns in S-l and S-X-S-l
sequences penetrated into the xylem or into surrounding ceils.
no X pattern immediately proceeded the 1 pattern.

In these probes,

It was postulated that the X

pattern is produced in response to a stimulus present in the sieve elements.
The electronic recording device presents numerous advantages over most of
the other techniques that have been mentioned.
studied over any length of time desired.

The feeding behavior can be

Since the aphid completes the circuit

when it probes, it initiates the recorded patterns and the subjective errors of the
experimenter are lessened.

Permanent data is provided of both feeding and

'resting' (non-feeding) times.

The breakdown of characteristics of individual

recorded probe patterns may provide further clues to the nature of the relation
ship between aphids and their host plants.
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MATERIALS AND METHODS

General Procedures

Rearing of experimental aphids.

Aphids for the culture were obtained from

Clark Greenhouse, University of Massachusetts, Amherst, Massachusetts in
February, 1969.

The aphids were found on Chenopodium sp.

adult was transferred to a radish seedling, Raphanus sp.
were used as the standard culture.

One apterous

The subsequent progeny

The aphids were identified as Myzus persicae
/

(Sulzer) {L. M. Russell, Insect Identification and Parasite Introduction Research
Branch, U.S.D.A., Beltsville, Maryland).
The culture system involved the daily transfer of four apterous adult aphids
to each plant in a set of four, one week old, radish seedlings.

The adults were

removed after a 24-hour period and the larvae allowed to develop.

Using this

method, the aphids matured within six to seven days.
A stock culture of aphids was maintained on six, two to three week old
plants.

Approximately every two to three v/eeks, this culture v/as renewed by

cutting off leaves covered with aphids and transferring the aphids to new plants.
The old plants with the remaining aphids were then discarded.
The soil for planting was obtained from French Greenhouse, University of
Massachusetts.
moss.

It consisted of a mixture of 1/3 sand, 1/3 soil, and 1/3 pear

The mixture was steam sterilized.

Morse Seed Company (incorporated).

Radish seeds were obtained from Ferry-

The variety of radish was Scarlet White
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Tipped.
pot.

Seeds were planted in 4" diameter by 4" high plastic pots, one seed per

Cotyledons appeared in approximately three days, first leaves in seven days,

second leaves in 14 days.

Plants were watered daily.

Alfalfa, Medicggo sativa, which was used as a non-host plant, was
obtained from a greenhouse stand located In Fernald Hall.

Plants which were

growing in clay pots, 7" by 7", were cut back to the soil level and transferred to
the rearing room.

The plants were allowed to grow to a height of 9 to 11 inches

and were again cut back to soil level.

The plants were watered every other day.

In this manner, the alfalfa grew to the desired height in approximately two weeks.
Whether or not the alfalfa was used for experimentation, it was always cut back
to soil level when it reached a maximum height of approximately 11 inches.
The entire culture was maintained and all tests conducted in a room of
uniform environment of 70-72°F., 50-60 per cent relative humidity (oir condi¬
tioner and humidifier) and 16 hours daylight (7:00 am to 11:00 pm EST), eight
hours darkness (11:00 pm to 7:00 am EST).

The lighting system consisted of

eight, eight-foot long Gro-Lux fluorescent lamps.

The bank of lights was placed

15.5 inches over the table top on which the culture v/as maintained.

The light

intensity in the center of the field of illumination where the aphids were reared
was 7000 foot-candles at leaf height.

The light Intensity where all experiments

were performed was approximately 1400 foot-candles.
Treatment of experimental aphids.
were apterous adults 0-24 hours old.

The aphids used for experimentation

Adult apterous aphids Were removed from
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the radish plant with a camel's hair brush and placed in glass vials, 7 by 2 cm,,
covered with cotton netting.

Ten aphids were placed in each vial and were kept

for 24 hours without access to food or water.

All aphids were treated in this

manner unless stated otherwise.
Electrical techniques.

The electrical circuitry used was after Schaefers

(1966), adapted from McLean and Kinsey (1964), Figure 1.

A gold wire

(0.003" diameter, obtained from Secon Metals, White Plains, New York) v/as
attached at one end to the dorsum of an aphid using a quick-drying silver paint
(G. C. Electronics, Rockford, Illinois).

The other end was also attached with

the quick-drying paint to a small strip (4.0 by 1.3 by 0.07 cm.) of si I ver a 11 oy.
This silver plate was then connected, via a piece of shielded copper wire, to the
positive terminal of a d-c recorder (Bausch and Lomb, VOM-7).
source was one mercury battery (1.4 V.).

The voltage

The positive terminal of the battery

was connected to the feeding substrate using copper wire.

(Methods for inserting

the w'ire into various substrates are explained below.) The negative terminal of
the battery v/as connected directly to the negative terminal of the recorder, via
a shielded copper wire.

The aphid was connected in series with the voltage

source and recorder so that when it probed and filled its stylets with fluid from
the feeding substiate, a circuit was completed and a voltage change was indi¬
cated by the recorder.

The voltage selector on the recorder was set at 0.1 volts.

The recorder was grounded, via a shielded copper cable, with a five-foot steel
pipe inserted into the ground directly outside of the rearing room.
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1 he vial for testing liquids was constructed as follows.

One end of a glass

tube, 3.5 cm. long by 1.0 cm. in diameter, was stoppered with a rubber stopper.
A copper wire was inserted through the stopper and into the vial to a distance of
0.5 cm. from the other end of the vial.

The other end of the wire was connected

to the positive terminal of the voltage source.
For some experiments a plastic vial was also used.
the same manner as the glass vial.
depth by 1.1 cm. in diameter.

This was constructed in

However, the plastic vial was 0.2 cm. in

A copper wire was also inserted through the

stopper and into the vial to a distance of 0. 1 cm. from the other end of the vial.
The oldest leaf of an intact, 21-day old radish plant was used as a test hostplant substrate.

For each replication a wired aphid was placed on the mid-vein

of the underside of the leaf.

The attached gold wire was long enough to allow

the aphid free access to the basal portion of the leaf.
area of the leaf.
the petiole.

This was 1/2 to 1/3 the

The intact leaf was wired by inserting an insect pin through

The pin was connected to the positive terminal of the voltage

source.
Alfalfa was used as the non-host plant substrate.
inches tall were selected for the tests.
the upper one to two inches of the stem.

Stems approximately 10

The wired aphid was allowed access to
The stem was wired in a manner similar

to the radish leaf-the pin was inserted into the stem approximately 1/3 the
distance from the top.

The other end of the pin was connected to the positive

te.»'mina! of the voltage source.
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Each experiment was initiated when the aphid was placed on the test sub¬
strate.

AM experiments were initiated at approximately 10:00 am EST unless

stated otherwise.
Preparation of plant homogenates.

In the preparation of plant homogenates,

the two oldest leaves of two 21-day old radish plants were cut off at the base of
the leaf.

Leaves had to be at least 2.5" long and 1.0" at the widest part

(usually the middle portion).

They were cut into small pieces and homogenized

with a ground glass tissue grinder.

The homogenate was centrifuged (Sorvall R

C2-B centrifuge, SS-34 rotor) at 10,000 rpm. (12,100 G.) for 15 minutes at a
temperature of approximately 5°C.

The supernatant (0.5-0.8 ml.) was poured

into a beaker and the particulate matter was discarded.
of the supernatant was used to fill the test vial.

Approximately 0,3 ml.

The liquid was then covered

with a piece of stretched Parafilm "M" (American Can Company, Neenah,
Wisconsin).

The parafilm was stretched by hand as thin as possible.

Alfalfa stems, 9 to 11 inches tall, were used to make an alfalfa homogenate
in the same manner as the radish homogenate.

The alfalfa was cut into small

pieces and homogenized in the tissue grinder.

The amount of supernatant

collected was approximately 0.5-0.3 ml.

Both radish leaves and alfalfa stems

were cut between 9:00 and 9:30 am EST on the day of experimentation.
Preparation of solutions.

The four amino acids tested for relative accepta¬

bility were L-methionine, L-histidine, L-arginine (free base), and L-aspargaineH2O.

All amino acids were obtained from Sigma Chemical Company.

Each
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amino acid was dissolved at 0. 1 per cent in de-lonized water and in a solution of
20 per cent sucrose.
pany.

The sucrose was obtained from J. T. Baker Chemical Com¬

The de-ionized water was obtained by passing distilled water through a

Barnstead (D8902) demineralizer (mixed resin type) cartridge.
bility of various concentrations of sucrose was also tested.

Relative accepta¬

The following concen¬

trations were used, 0.2, 2, 5, 10, 15, and 20 per cent sucrose (preliminary
experiment).

All sucrose solutions were dissolved in de-ionized water.

Preparation of physical factor components.
prepared as previously described.

Radish leaf homogenates were

The papers used for each test were: (a) filter

paper-^Whatman No. 40, ashless filter paper; (b) bond paper-Gilbert Bond,
25 per cent cotton fiber; and (c) cotton-—Red Cross sterilized cotton.
Circles of paper were cut to fit the diameter of the plastic vial.
was filled first with the homogenate.

The vial

The filter paper (approximately six discs)

was then added to the vial containing the homogenate until the paper was
saturated and filled the vial to the top.
placed over the top of the vial.

A stretched parafilm membrane was then

The cotton needed to fill the vial was weighed

so that each time the test was run, the same amounts were used.
was weighed, it was rolled to fit the vial.

After the cotton

As before, the vial was filled first

with homogenate, then the cotton was added.

For all tests, a piece of stretched

parafilm was placed over the top of the vial.
Collection of data.

All experiments were run at a chart speed of 1 "/minute

except the 24-hour tests or unless otherwise stated.

So that a test of 24 hours
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could be run, the chart speed was 0.2"/minute for the first six hours of the
experiment.

The remaining portion of the experiment was recorded at ] "/minute.

Consequently, 100 feet of data were collected in one 24-hour test.
The length of probes and the times between probes were measured in centi¬
meters to the nearest 0.05 cm. with a straight-edge ruler.

These data were

converted to seconds by multiplying the length by a conversion factor which
depended upon the chart speed.

Therefore, the lengths of probes could be mea¬

sured to +1.2 seconds v/ith a chart speed of 1 "/minute and +5.9 seconds with a
chart speed of 0.2"/minute.
Feeding times of all probes made within tv/o-hour periods were totaled.
Thus, the design was a split-plot in time and Duncan's multiple range test was
used to separate mean differences.
All of the split-plot in time analyses were performed using the University of
Massachusetts Computer System (CDC 3600 or CDC 3800).

The Least-squares and

Maximum Likelihood General Purpose Program (by Walter R. Harvey) was used
for the analyses.

The following references were cited for this program:

Harvey

(1960; 1964) and Henderson (1953).
All observations of the feeding behavior of M. persicae were made with a
binocular scope (Wild).

The scope was mounted on the horizontal arm of a

heavy cast base table stand.

In this manner the scope was rotated to an angle of

opproximately 45° so that during the electronic recording tests, the aphid behav¬
ior could be observed easily.
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A histological technique was adapted to observe the method of penetration
and feeding sites made by M. persicae into leaves of radish plants.

See Refer¬

ence; Kislow, etal. (1970) for further details.

Experimental Procedures

Preliminary experiments and observations.

A preliminary experiment was

performed to observe the feeding behavior of M. persicae in an artificial feeding
situation.

Various concentrations of sucrose were used as the test solutions.

concentrations were 0.2, 1, 2, 5, 10, 15, and 20 per cent sucrose.

The

Individual

aphids were allowed 20 probes into de-ionized water, 20 probes into sucrose
solution, and 20 probes into de-ionized water.

The figure for the number of

probes allowed for each solution was assigned arbitrarily.
All aphids were unstarved prior to experimentation,

/vuttler (1967b) found

that the discrimination of adult M. persicae to a sucrose solution versus a sucrose
solution with amino acids was strongly affected by a period of access to a pure
sucrose solution before the tests.
also affected.

The behavior immediately prior to probing wos

Aphids which Vv/ere tested within a few hours after having been

taken from the plants on which they were reared were slow to discriminate between
solutions in a choice-chamber situation.

He suggested that this response was

. .probably due to so great a contrast between the taste of the sap of these
plants and the taste of the solutions tested that the comparatively minor differences
between sucrose and sucrose with low levels of amino acids r-emain below a
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threshold of response presumably elevated by the rich diet of radish sap. "

He

concluded then that the threshold was dropped by allowing the aphids access to a
relatively "insipid food".
I tried allowing aphids 24 hours access to a 20 per cent solution of sucrose.
However, it was observed that the aphids were very reluctant to feed through the
membrane and into the solution.

Also, if aphids did at times feed from the

solution, there was no way of telling which ones did prior to experimentation.
Consequently, it was decided to take the aphids directly from the plant on which
they were reared prior to experimentation and allow access to water both before
and after sucrose.

Thus, the v/ater would act as a relative control feeding.

Results from this test are inconclusive (Table I).

Complete replications

for each concentration of sucrose tested were not performed for tv/o reasons.

The

first was the high variability in feeding times among aphids both on water and on
sucrose (Table 1).

Another aspect of allowing the aphid 20 probes into each of

the solutions was the overall time it took in order to obtain one piece of data.
For example, in most cases the time for one complete replication was from 6 to 10
hours.

Consequently, the total access times differed for each solution and

possible variables such as photoperiod may have affected the feeding behavior.
These factors were responsible for changing the total number of probes allowed
into each solution for the next experiment.

Only five probes were allowed into

each solution for the amino acid versus amino acid/sucrose experiment.

Also, in

that experiment in order to account for the effects of photoperiod, four replicates
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were run during morning hours and four during afternoon hours.
However, a few factors may be extrapolated from this preliminary experiment.
It appears that, in nearly every case, the total probe time was greater than 50 per
cent for the total access time.

This occurred whether the aphids were feeding

into de-ionized water or into sucrose solution.

Also, the total probe times were

greater for sucrose solutions regardless of the concentration (except perhaps 0.2
per cent sucrose) than for water.

This was true for probe times of both water

feedings, i. e. water before and after sucrose solution.
Experiment 1.
sucrose.

Feeding times: amino acids versus amino acids/20 per cent

This experiment was performed to determine the feeding responses of

aphids to the four amino acids (methionine, arginine, histidine, asparogine).
This was done to determine whether the presence of sucrose and amino acid combined acted in a synergistic manner to enhance the acceptability of the amino
acid as opposed to only the amino acid in water.
Treatments consisted of allowing individual aphids to complete five probes
into de-ionized water.

The same aphid was then transferred to the membrane

of the via! which contained the test solution and allowed five probes.

And

finally, the aphid was transferred to a vial containing de-ionized water and
allowed to complete five probes.

Each test was replicated eight times.

Four

replications were run during morning hours-8:00 am to 12:00 pm E5T; and four
were run during afternoon hours-12:00 pm to 4:00 pm EST.

Thus, eight repli¬

cations (eight aphids) were performed for each amino acid in two test situations-
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the amino acid dissolved in de-ionized water and in 20 per cent sucrose.
All aphids used were unstarved, 0 to 24-hour old apterous adults.

They were

taken directly from the cotyledons on which they were reared with a camel's hair
brush.

The time required to wire each aphid was approximately three to five

minutes.

After being wired, the aphid was immediately placed on the membrane

of tne test vial and the recorder was started.
iment.

This marked the start of the exper¬

For this experiment two glass vials were used-one contained de-ionized

water; the other contained the test solution.
Experiment II.

Feeding behavior: host-plant substrate.

v/ere allowed access to a test substrate for 24 hours.

Individual aphids

All tests were begun at lOiOO

am (10:00 am to 11:00 pm: light regime; 11:00 pm to 7:00 am: dark regime; and,
7:00 am to 10:00 am: light regime).

The test substrates were: (a) intact radish leaf;

(b) radish leaf homogenate; and (c) radish leaf homogenate with filter paper.
tion of the latter substrate can be found in General Procedures.

Descrip

Test substrate (c)

was used to determine whether internal physical factors act on the aphids stylets
and thus affect feeding.

Substrate (a), intact radish leaf, was used to observe the

feeding behavior of M. persicae on its host plant.

Substrate (b) was used to deter¬

mine the effect on feeding behavior of changing the physical character of the host
plant.
Experiment III.

Feeding behavior: non-host plant substrate.

Individual

aphids were allowed an eight-hour access period (10:00 am to 6:00 pm EST) to
alfalfa stems.
non-host plant.

This was to determine the feeding behavior of M. persicae on a
Aphids were also allowed an eight-hour access period to alfalfa

homogenate.

Again, this was done to determine the effect on feeding behavior

of changing the physical character of the plant.

Four replications were run of

each test.
Experiment IV.

Feeding behavior: effects of physical factors.

The objec¬

tive of this experiment was to determine whether papers of different fiber sizes
used as part of the feeding substrate would affect aphid feeding behavior.
and bond paper were used (see General Procedures).
access period of eight hours.

Cotton

Each aphid was allowed an

Four replications of a single aphid each, were run

for each substrate.
Experiment V.

initial probe behavior: host-plant substrate.

The duration

of the first probe and the time before the first probe on host plant substrates v/ere
recorded.

Individual aphids were allowed one probe into: (a) the mid-vein of

intact, first leaf of 21-day old radish plant; (b) the mid-vein of intact radish
leaf which was covered with a piece of stretched parafilm; (c) the homogenate of
first leaves of 21-day old radish plant; and (d) filter paper soaked in first leaf
homogenate of 21-day old radish plant.
piece of stretched parafilm.

Both homogenates were covered with a

All tests were run from 10:00 am to 4:00 pm EST.

Four replications were run for each test.
Experiment VI.

Non-host plant suitability.

Aphids were placed on stems

of alfalfa to determine whether or not the plant was suitable for aphid growth.
Twenty aphids, starved 24 hours, were placed on the top of a stem of alfalfa
9 to 11 inches long.

The stems were then covered with a cylindric, plastic cage.
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10.5 cm. long by 3.5 cm. in diameter.

Three replications were run.

The number

of dead aphids were counted daily at 10:00 am EST until all aphids had died.
In a similar experiment, aphids were placed on stems of alfalfa to determine
whether or not they would remain to feed.
to stems of alfalfa for 24 hours.

Masking tape was placed around the outside of

the pot which contained the alfalfa.
above the rim of the pot.

Ten aphids were allowed free access

The tape extended approximately one inch

Thus, an aphid which attempted to leave the plant

would be caught in the tape.

This was the criteria for aphid-leaving.

Observa¬

tions of numbers of aphids leaving were counted every hour for eight hours.
more observations were made at the 12th and 24th hour after initiation of the
experiment, 10:00 am EST.

r •

Three replications were run.

Two
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RESULTS

Experiment I. Feeding Times:
Amino Acids vs. Amino Acids/20 Per Cent Sucrose

Analysis of the feeding times of M. persicae on various amino acids and
de-ionized water indicates that there was a significant difference among all
feedings (Table 2).

"Feedings” represents the total time of the aphids' five probes

into each of the three liquids, H O, amino acid solution, and H O.
2

2

There was

no significant difference in the treatment X feeding interaction, nor between
treatments (Table 2).

There were no significant differences between amino acids.

There was a significant difference at the 95 per cent level in the feeding X time
interaction.
The total means indicate that the probes into amino acids were longer in
duration during the afternoon hours than morning hours.

However, for the second

water feeding, the total mean is larger for the morning hours.
means for single amino acid solutions such as methionine/H

The afternoon
, methionine/20 per

20

cent sucrose, histidine/20 per cent sucrose and asparagine/20 per cent sucrose
are somewhat larger than for morning hours.

However, the standard deviations

are very high (except for methionine/H20).

The morning means for the second

water feeding also appear to be larger than the afternoon means.

But as in the

case with the amino acid solutions, the standard deviations are usually quite high.
Observation of individual means (Table 3) indicates that most aphids spend
more time feeding in the amino acid solution than during either of the tvv'O water
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feedings.

This occurred whether the amino acid was dissolved either in water or

in sucrose.

Experiment 11.
Feeding Behavior:

Host-Plant Substrate

Results from studies performed with host-plant substrates are very interesting
and significant.
different.

The total times of feeding on each of the three substrates is very

Indeed, the analysis of variance indicates a significant difference at

the 99 per cent level, and the Duncan's multiple range test shows that all three
treatment means are different from each other (Table 4).

The intact leaf had the

highest mean for feeding and also the highest total feeding time over the 24 hours,
23.31 hours as opposed to 17.17 and 11,41 for feeding times for leaf homogenate
with filter paper and leaf homogenate alone, respectively (Table 5).
Figure 2 illustrates the feeding behavior for each of the three substrates over
the full 24-hour period.

For the intact leaf the aphid feeds almost continuously,

especially during the latter part of the 24-hour period (20-24 hours).

However,

previous to this period (at hour 21), the lights have turned on in the rearing room.
In both of the artificial feeding situations, the feeding behavior is more
erratic.

For both, the total feeding time for the first two hours of access is very

similar.

Two hours later the feeding drops, again for both substrates.

(For the

intact leaf, the feeding increases at this time period.) The drop is much larger
for the leaf hom.ogenate alone than for the leaf homogenate with filter paper.
Also, for the leaf homogenate alone, the feeding time is never much higher than
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this initial drop and more or less decreases throughout the rest of the leaf access
period (but see hour 20).

However, the curve for the feeding behavior for the

leaf homogenate with filter paper indicates an increase in feeding time after the
10th hour.

The feeding time increases from the 10th to the 16th hour (during the

period of darkness), remaining more or less constant until the 22nd hour.
the feeding time drops to a level lower than for any other time.
lights have just been turned on one hour previous to this.

Here,

Note that the

At this point the two

curves of both leaf homogenates again become similar, the lowest drop in feeding
being lowest at this time period for leaf homogenate alone.

At the 24th hour of

access, there is a slight increase in feeding for both of the leaf homogenates.
The analysis indicates that there is a significant difference in treatment X
hour interaction at the 99 per cent level.

This appears to be true for all substrates.

While the feeding times for the intact leaf is relatively high at all times, it con¬
tinues to increase (for all replicates) at the 20th hour of leaf access or just before
the light regime begins.

At the 24th hour all replicates had been feeding con¬

tinuously for at least two hours.

As was stated previously, the feeding times for

the leaf homogenate substrate decreases almost continuously after the second hour
and throughout the 24-hour access period.

Again, the leaf homogenate with

filter paper substrate is more erratic and more or less embodies the two other
curves.

There is an initial drop in feeding over perhaps the first 10 hours (a slight

increase in feeding time at the eighth hour), this being similar to the leaf homo¬
genate substrate.

There is an increase after the 10th hour with the feeding times
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being highest from the 14th to the 20th hour during the dark regime.

And finally,

the drop in feeding at the 22nd hour again corresponds with that of the leaf homo¬
genate substrate.

Duncan's multiple range test indicates that the feeding (mean)

times for hours 20 and 22 are significantly different from each other (95 per cent
level).

Figure 2 illustrates that this is probably true for substrates A and B.

The analysis of variance for numbers of probes initiated into each substrate
during each two-hour time interval indicates a significant difference at the 95
per cent level for treatments (Table 6).

Duncan's multiple range test shows that

the means for both leaf homogenates (alone or with filter paper) are similar.
treatment mean for the intact leaf is different from both.

The

Figure 3 shows that

after the first two hours of feeding into intact plants, the number of probes the
aphid initiates is very low.

The number also decreases throughout the 24--hour

period for the other two substrates, leaf homogenate alone, and with filter paper.
The cumulative probe numbers over 24 hours are shown in Figure 4.

Experiment 111.
Feeding Behavior: Non-Host Plant Substrate

There was a 95 per cent significant difference between the treatments, intact
alfalfa and alfalfa homogenate, over the eight-hour access period (Table 7).

The

mean feeding times indicate that the aphids spend more time feeding on intact
alfalfa (5.38 + 0.57 hours) than on alfalfa homogenate (4.23 + 0.35 hours).
Figure 5 shows the feeding times over the eight-hour period for every two hours.
The feeding times on the alfalfa homogenate remain more or less the same while
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there is a large decrease for intact alfalfa.

At the eighth hour of feeding, the

total mean time spent feeding within that two-hour period is very similar to that
spent in the same period of alfalfa homogenate.
X hour interaction.

However, there was no treatment

Also, there was no significant difference in the hour readings.

Analysis of numbers of probes of the two substrates (Table 8) indicates that
there is no significant difference between the treatment means.

Figure 5 shows

that the numbers of probes made during the eight-hour access period into both
alfalfa homogenate and intact alfalfa are very similar, especially after the first
two hours.

Experiment IV.
Feeding Behavior: Effects of Physical Factors

There was no significant difference among treatments in analyses which
tested both for feeding times (Table 9 and 10) and for probe numbers (Table 1 l).
There was no treatment X hour interaction in either test.

There was a 95 per cent

significant difference among the readings taken every two hours for both feeding
times and probe numbers.

Duncan's multiple range test for means of feeding times

indicates that the means of readings taken at both the second and eighth hour of
access are similar.
and B.

The curves in Figure 6 show that this is true for substrates A

After a decrease in feeding at the fourth and sixth hour of feeding, there

was an increase in feeding during the sixth and eighth hours of the total
access period.

However, there is a difference in the Duncan's multiple

range test for means of probe numbers at these particular times.

It indicates that
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the mean for probe numbers at the second hour is different from the mean at the
eighth hour.
B.

Figure 6 Illustrates that this may again be true for substrates A and

The probe numbers at the eighth hour of access is less than for the second

hour.

If this is the case, then the following correlation can be made between the

two analyses: that during the last two hours of access the probes that are made
into both substrates A and B are longer in duration than those made during the
initial two hours of access.

Hence, the longer feeding times are manifested by

the small number of probes made during that particular time period.
/

Experiment V.
Initial Probe Behavior:

Host-Plant Substrate

There was a significant difference at the 99 per cent level for the duration
of the initial probes into the four host-plant substrates, ()) intact leaf, (2) leaf
homogenate, (3) leaf homogenate with filter paper, and (4) intact leaf covered
with parafilm (Table 12).

Duncan's multiple range test showed that at the 95 per

cent level of significance, the mean of treatment 1 was different from each one
of the others.

However, at the 9? per cent level the mean of treatment 1 is

different only from treatment 4.

At both the 95 per cent and 99 per cent level,

the means of treatments 2, 3, and 4 are all similar.
There was also a significant difference at the 99 per cent level for pre-probe
time (Table 13).

The means of treatments 4 and 2, and 1 and 2 are different.

The

means of treatments 3 and 1, 3 and 2, and 3 and 4 are all similar at the 99 per
cent level of significance.

Only treatments 3 and 1 have means that are different
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at the 95 per cent level.

Experiment VI.
Non-Host Plant Suitability

The mortality of M. persicae on alfalfa is very high within the first few days
compared with that on radish (Table 14).
The rate of aphids leaving within 24 hours is zero for radish but is very high
for alfalfa (Figure 7).
ninth hour.

Sixty-six per cent of the aphids had left the alfalfa by the

After 24 hours 98 per cent of the aphids had left.

Comparisons

Data on the feeding times and numbers of probes made during an eight-hour
interval were compared in the following manner:

intact radish versus intact alfalfa

(Table 15) and radish homogenate versus alfalfa homogenate (Table 16).
Table 15 shows that the total feeding time for the eight-hour period of access
on radish is much higher than that on alfalfa, 7.69 + 0.24 hours versus 5.38 +0.57
hours.

There was a treatment X hour interaction at the 99 per cent level of signi¬

ficance.

The curve for intact alfalfa (Figure 5) shows that as the access time

increases, the feeding time decreases.

The curve for intact radish (Figure 2)

illustrates that as access time increases, the feeding times also increase (except
for a slight decrease at the eighth hour of access).
The number of probes into non-host plants increased as the access time on
the leaves increased; whereas, on the host plant, the number of probes decreased
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as the access time increased.

This treatment X hour interaction was significant at

the 95 per cent level (Table 8).
Ingestion times (i.e. feeding minus salivation time) also differed (Tables 17
and 18).

The mean ingestion time for intact radish was much higher than that for

intact alfalfa, 5.54 versus 1.89 hours, respectively.

There was a treatment X

hour interaction at the 99 per cent level of significance.
this.

Figure 8 illustrates

Ingestion increases as access time increases for an access period of six hours

on radish.

However, for alfalfa, ingestion decreases as access time increases.

At

/

the eighth hour of access, the times are reversed, i.e. on radish, ingestion
decreases, on alfalfa, ingestion increases.
on the plant for six m.ore hours.

(For alfalfa, two replicates remained

The curve illustrates that for these two, ingestion

decreased to zero at the 12th and 14th hours of access.

During this some time

interval for radish, ingestion once again increased as access time increased.)
Table 19 indicates that there was no difference between the two substrates
in the total feeding time before the first ingestion probe.
The division of each ingestion probe into salivation, (initial salivation) and
ingestion (total ingestion) times suggests that there is no correlation between the
length of salivation and the length of ingestion (Table 20).
The second comparison, host versus non~host homogenates (Table 16), indi¬
cates that there is no significant difference betv/een. treatment m.eans for feeding
times.

Also, there is no significant difference between treatment means for probe

numbers (Table 8).

43

General Observations

General observations on the probing behavior of M. persicae into various
substrates, both host and non-host plant substrates, have indicated that there is
apparently no relation between the length of one probe and the resting or
'wandering' time until initiation of the subsequent probe.
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DISCUSSION

The duration and types of electrical patterns produced by the aphids may
provide a measure of the aphids' ability to discriminate between various substrates.
In the case of the radish (host) plant. Figure 9 illustrates typical ingestion patterns
of probes made into intact leaf.

For all of the ingestion patterns studied for

alfalfa (non-host), the typical waveform obtained is illustrated in Figures 10 and

.

11

McLean and Kinsey (1968) also obtained both types of waveforms when pea
aphids fed in intact plants.

They stated that the aphid was ingesting liquid from a

mesophyll parenchyma cell when the ingestion pattern (!) characterized by the
rapid repetition of spikes (i .e. similar to Figures 10 and 11) was produced.

They

suggested that the spikes may have resulted from the pumping action of the
cibarial-pharyngeal food pump when it draws liquid from mesophyll parenchyma
cells into the esophagus.

On the other hand, the narrower and smoother wave¬

form (1) obtained from probes into the same host plant (i.e. similar to Figure 9)
would indicate little or no pumping activity by the aphid.

In this case the aphid

was apparently feeding from the sieve elements of the plant, and the natural
pressure of the sieve elements may have obviated the need for active pumping of
the sap into the esophagus.
In studies on the feeding and nutrition of Tuberolachnus salignus (Gmelin),
Mittler (1957) demonstrated that "the rate at which the host plant forces the sap
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up the stylet food canal determines the rate of sap uptake and excretion of the
aphids."

In other words, aphids depend on the natural turgor pressure of their

host plant, and do not have to maintain active pumping of the cibarial-pharyngeal
food pump when feeding from the sieve elements as opposed to other plant tissue.
In support of this hypothesis van Emden (1967) demonstrated that when adult
Aphis fabae were fed artificially on a 10 per cent sucrose solution, the longevity
of the aphids was increased by applying a pressure of two kg./sq. cm. to the diet.
If it is true that the spikes recorded during the ingestion waveforms produced
on alfalfa are directly correlated with cibarial-pharyngeal food pump activity
and that the pump activity had an Inverse relation to the pressure of the feeding
substrate, then one could suggest that the amount of pressure contained within
the intact alfalfa plant is insufficient to allow M. persicae to feed without
pumping.

However, in order to state this with any certainty, a number of other

experiments would have to be performed.

For example, histological sectioning

of both radish and alfalfa plants would need to be done to determine which cells
have been penetrated when the aphid is producing the ingestion waveform.

The

aphid may not even be feeding from the sieve elements of alfalfa when ingestion
occurs.

Also, the relative amounts of pressure would have to be determined for

both radish and alfalfa.

This could be determined by comparing the rate of sap

exudation from the plant v/ith the rate of honeydew excretion from the aphid.
In contradiction to the necessity of turgor pressure, aphids will feed through
parafilm membranes into solutions with apparent ease.

Aphids are able to sustain
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themselves through a number of generations when fed on artificial diets through
a parafiim membrane.

My experiments show patterns indicative of passive feeding

in the presence of pressure (Figure 12) v/hen the aphid is feeding into a solution
through an artificial membrane.

In this instance, the aphid vyas feeding itito a rad¬

ish plant first leaf homogenate which contained filter paper.

This may or may

not have a direct bearing on the importance of the presence or absence of suffi¬
cient pressure since patterns with spikes have also been obtained when the aphid
was feeding into plain homogenate or into homogenate that contained filter paper
(Figures 13 and 14).

However, it is possible that in stretching the parafiim over

the vial a slight, yet sufficient, pressure is created to allow passive feeding by
the aphid.
Another behavioral difference in M. persicae feeding on alfalfa versus
radish is the number of probes made into each plant during an eight-hour access
period.

Aphids initiate less numbers of probes on the radish as opposed to the

alfalfa (Table 8).
McLean and Kinsey (1968) obtained similar results with host and non-host
plants of the pea aphid, A. pisum.

The ingestion times on both plants was

correlated with the number of probes made into each substrate.

As aphids probed

less, they ingested more as a result of longer probes on' the host plant.

Conversely,

on the non-hosts, the aphids probed more but ingested less due to the shorter
probe times.
Figures 2, 3, 4, and 8 illustrate a similar behavior for the green peach aphid
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when probing into both alfalfa and radish.

This also illustrates the non-suitability

of alfalfa and further indicates that alfalfa is a non-host plant for M. persicae.
The total feeding time of aphids on the intact radish leaves during a 24-hour
period of access is extremely high.
between six and 12 hours.

In some cases a single probe would last

However, direct observation of the probing behavior

of the aphid indicates that this is not true for at least the first few probes made
into the plant.

Within seconds after being placed on the leaf (Table 12) the

aphid begins to probe.
minute.

The probe is very short, in most cases lasting less than a

During the small wandering interval that occurs between the first and

second probe, the aphid taps the surface of the leaf with its proboscis.

The

second probe may also be very short and the aphid may take as many as 10 probes
before initiating a probe of long duration.

The first two hours of access coniains

more probes than any other two-hour period in the 24 hours.
Homogenization changes the physical character of the host-plant and allows
the material to decompose.

The feeding behavior of the aphid is also changed.

The total feeding time is cut by about half when feeding into leaf homogenate as
opposed to intact leaf.
When the physical consistency of radish leaf homogenate was altered with
discs of filter paper, it was found that the feeding time was increased by approx¬
imately six hours over that of plain leaf homogenate during the same 24-hour
period of access (Tables 4 and 5).
over the 24 hours.

Figure 2 shows the pattern of feeding times

However, the numbers of probes made into leaf homogenate
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with filter paper and into plain leaf homogenate are not different (Table 6).

Figure

3 shows the similarity.
To further test the effect of physical factors on the feeding behavior, papers of
larger fiber sizes were added to leaf homogenates.

Both cotton and bond paper

v/ere each added to plain leaf homogenate and offered to aphids for an eight-hour
period of access.

The analysis (Tables 10 and 11) showed no significant difference

between these treatments.

However, a comparison of the leaf homogenate with

filter paper and plain homogenate also showed no significant difference for eight
hours of access.

Since the 24-hour analysis did show a difference, it ccn be sug¬

gested that perhaps the period of access was too short to show any discrimination
between the other types of paper.

The paper or the homogenate may be under¬

going changes during this period.
Direct observation indicates that there is a radical difference in feedinc
behavior of the aphid in an artificial feeding situation on the homogenate as
opposed to the intact leaf.

The time between tfie aphid being placed on the mem¬

brane and the initial probe is made is much longer on the parafilm (covering the
leaf homogenate) than on the intact leaf (Table 13).

This is not surprising since

the surface of the parafilm is extremely different, both physically and chemically,
from the intact leaf.

After the initial probe is made, the time interval until the

next probe is made is shorter than the initial pre-probe time.

The duration of the

first probe is very much longer into leaf homogenate than into intact leaf (Table
12).

This indicates that stimuli for feeding are sensed immediately in the homo¬

genate.

They would also be sensed in the leaf eventually; but here the duration
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of the probe may be modified by the internal physical characteristics of the leaf.
Analysis of feeding times into alfalfa substrates also shows a difference In
feeding as to whether the aphid is probing into intact plant or into the plant
homogenate (Table 7).

The mean for the feeding time into the homogenate is less

than it is for intact plant.

However, the numbers of probes made into each sub¬

strate was not different (Table 8).

Figure 5 illustrates that as the access time

increases, the feeding times on intact plant decreases while those on homogenate
more or less remain the same.
Results from tests performed with intact leaf covered with a parafilmi mem¬
brane also indicate a difference in the duration of the first probe.

The initial

probe into Intact leaf covered with parafilm and into leaf homogenate is much
longer than that made into intact leaf (Table 12).

The parafilm over the suface

of the leaf probable eliminates any external physical and chemical characteristics
which may eminate from the leaf.

These factors may influence the acceptance or

rejection of an ingestion site.
The external factors do not affect the initial pre-probe behavior of the aphid.
There was no significant difference found between treatment means which tested
the pre-probe time into intact leaf and intact leaf covered with parafilm.

It

appears that either the parafilm greatly affects probe time or that the external
factors are doing the same as discussed below.
Other workers have found that even the non-host plant does not affect the
pre-probe time.

McLean and Kinsey (1968) found that the time prior to the first
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probe was noi' affected by the type of plant, host or non-host, for the pea aphid.
The duration of the initial probe into intact plant is affected as to whether
or not the surface of the leaf is covered with a parafilm membrane.

Table 12

indicates that the mean duration of the initial probe is 472.34 seconds into
intact leaf covered with parafilm and only 57.41 seconds into intact leaf.

Ini¬

tial probes made into leaf homogenate with filter paper and leaf homogenate
alone are also longer than those made into intact leaf, 374.50 for leaf homo¬
genate with filter paper and 324.73 seconds for leaf homogenate alone.

This is

significant at the 95 per cent level but not at the 99 per cent level of signifi¬
cance.
The presence of the parafilm may be responsible in part for this difference.
For example, the time required to penetrate through the membrane is from 6 to
10 seconds.

On the intact plant, penetration through the parafilm membrane

may be as short as six seconds or as long as 20 to 30 seconds.

Penetration is

almost immediate when the aphid is probing into 'plain' intact leaf.

Therefore,

the membrane may act as a mechanical device to prevent immediate withdrawal
of the aphids' stylets.
On the otner hand, it is suggested that the chemical and physical charac¬
teristics present on the external leaf surface may be acting in opposition to an
internal leaf stimulus.

External stimuli maintain a high threshold for detection

of the internal leaf stimuli.
the threshold.

Parafilm eliminates the external stimuli and lowers

Thus, the initial probe is largest with parafilm-covered leaf.
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For example, because the parafilm membrane eliminates any of the external
stimuli, the aphid would not respond to them even if they were present. Conse¬
quently, the threshold level for responding positively to the internal stimuli is
lowered and the aphid would remain longer at one particular site on the parafilm
covered leaf.

It would then.take a longer probe rather than immediately with¬

drawing and searching for another feeding site.
homogenate support this.

Initial probes made into leaf

The aphid takes a longer probe since ihere are no

external stimuli acting upon it to raise the threshold of acceptance.

On subse¬

quent probes the threshold is lowered on the intact leaf since probes of long
duration are observed.

This could be explained by the increased hunger of the

aphid which also lowers the threshold to internal stimuli.

Eventually, the rich

source of stimuli in the phloem overcomes the threshold increasing effects of the
external feeding stimuli.

However, at the moment there is no conclusive evidence

for the.absolute support for either hypothesis.
Figure 7 illustrates the rejection of alfalfa by aphids which were allowed
free access to the intact plant.

The slope of the curve indicates that the greatest

numbers of aphids were leaving from the seventh to the ninth hours after being
placed on the plant.

This is approximately the same time interval during which

the electrically recorded ingestion time on alfalfa increased (at the eighth hour)
and immediately decreased (at the 10th hour) (Figure 8).
entirely different feeding situations.
plant and may leave at any time.

The aphids are in two

In one, the aphids have free access to the

In the other, the aphid is restricted to the
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plant by the gold wire.
It is suggested that during the first few hours aphids will accept the alfalfa.
However, reduced ingestion activities as a result of either receiving improper stimV

uli or not receiving the proper stimulus (or stimuli), (or external stimuli maintain
threshold at too high a level) indicates rejection of the alfalfa.
leaves the plant.

The aphid then

When the aphid is forced to remain on the plant ingestion

again increases, but only for a short period after which it immediately decreases.
Hence, the cause of mortality among aphids caged on alfalfa may be due to a
failure to feed and not to nutritional deficiency of the plant.

Hov/ever, the

second decrease in ingestion on alfalfa is based on observations of only two
replicates and therefore may not be a true representation of what actually occurs.
McMurtry and Stanford (1960) found that failure to feed was the cause of
death of the spotted alfalfa aphid, Therioaphis maculata (Buckton), on resistant
alfalfa plants.

Their observations on the behavior of aphids on highly resistant

plants w-ere similar to those observed with M. persicae on alfalfa (my experiments).
T. maculata placed on the plants soon settled down as they did on susceptible
plants and assumed positions of feeding.

They remained at this stage for a

period of one to four hours and then began wandering around on the plant.
also occurred with M. persicae on alfalfa.

This

McMurtry and Stanford then observed

that after a few minutes most aphids "... again settled and appeared to com¬
mence feeding."

This behavior pattern was observed to be repeated several times

over a period of 8 to 36 hours, "... until restlessness increased and aphids
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crawled off the plant or died." My observations of M. persicae caged on alfalfa
indicate that at any one time some aphids were wandering along the sides of the
cage while others were on the plant and apparently were feeding.

These obser¬

vations coupled with the data on feedings (and ingestion) times on alfalfa still
suggest that the mortality of M. persicae on alfalfa is due to a failure to feed.
Mittler (1964) found that aphids were able to discriminate between solutions
such as sucrose, amino acids dissolved in water, water, and omino acids dissolved
in sucrose.

He also found that certain amino acids would enhance much more

strongly than others (1967b) the acceptability of a sucrose solution (20 per cent),
compared with a pure solution of 20 per cent sucrose.

Methionine and asparagine,

for example, were found to strongly enhance the acceptability of the sucrose
solutions that contained them.
a slightly deterrent effect.

On the other hand, histidine and arginine had

However, his experiments were performed with groups

of aphids in a choice chamber situation.

The tests were also run for at least six

to eight hours.
Perhaps for my experiments, the access time of approximately one hour
allov/ed for each solution may not have been long enough to elicit any feeding
discrimination by the aphids (Table 2).

Another major drawback to my experiment

may have been pre-treatment conditioning effects.

The aphids were not starved

prior to experimentation, but were taken directly off the plants on which they had
been reared.

A.Ithough all plants used for rearing were of uniform age, aphids

may have differed in amounts of sap imbibition immediately prior to experimen-
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tation and this could have affected their performance on the test solutions.

In

any case, aphids did discriminate between amino acid solutions, and water,
whether or not the amino acid was dissolved in water or in 20 per cent sucrose.
The aphids spend more time feeding into the amino acid solution than into the
plain water.

Mittler (1964), on the other hand, observed that a solution of

amino acids in water was not discriminated from water.

Here again, the test

situations are different . . . Mittler used choice-chambers with groups of aphids.
In the experiment presented here, perhaps the period of access to water before
transferring the aphid to the amino acid solution was sufficient enough to allow
the aphid to discriminate between the two solutions.

That the aphids did indeed

prefer the amino acid solutions to water is supported by the fact that, iri nearly
evety case, the total times of probes made into the first and second water (water
offered immediately befoie ana after the amino acid solution) is much lower than
that found for the amino acid solutions.

This is particularly evident for times of

probes made during the afternoon hours into water which was offered after the
amino acid/20 per cent sucrose solution.
The amino acid experiment suggests that the feeding of M. persicae may
have been affected by photoperiod (Table 2); the total feeding times was higher
during the afternoon than during the morning.
Observation of the curve for the 24-hour access period into radish substrates
also suggests that the feeding behavior is affected by the light-dark regime
(Figure 2).

This is especially evident for the leaf homogenate containing filter
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paper; and is indicated by the increase in feeding during the dark hours, 13-21.
Al so, feeding increases for the intact plant during the four hours that followed the
end of the dark regirne, hours 21-24.

It would be Interesting to see the results of

cn experiment which utilized the same substrates but which lasted longer than the
24 hours.
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CONCLUSIONS

Intact alfalfa was not a suitable host-plant for colonization by M. persicae:
this was reflected in the high mortality of aphids caged on alfalfa as compared
with the host plant, radish.
M. persicae ingested from both alfalfa and radish; however, recorded
ingestion patterns were different.

The ingestion patterns on radish were very

smooth as opposed to the spiky ingestion patterns recorded on alfalfa.

The total

feeding times of M. persicae were greatly reduced when feeding into plant homo¬
genates of both alfalfa and radish as opposed to intact plants.
Radish leaf homogenate soaked in filter paper increased the total feeding
times of M. persicae as opposed to leaf homogenate with no filter paper, e.g.
71 per cent and 47 per cent respectively.
M. persicae had a higher feeding time plus lower numbers of probes when
feeding on intact radish as opposed to intact alfalfa.
An artificial membrane placed over the feeding substrate affected the
behavior of M. persicae.

The initial probe was of longer duration on plain intact

leaf than when a parafilm membrane was placed over the following substrates:
(a) radish leaf homogenate; (b) radish leaf homogenate with filter paper; (c) intact
leaf.
M. persicae discriminated between plain water and the following amino acids
each dissolved in water or in 20 per cent sucrose solution: (a) L-methionine;
(b) L-histidine; (c) L-arginine; and (d) L-asparagine.
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M. persicae did not discriminate between any of the above amino acids in
a test situation where only five probes were allowed into the amino acid solution.
Mortality on alfalfa was due to the failure of the aphids to feed.
A hypothesis including an attraction stimulus and a threshold elevating
stimulus from intact leaves explains the pre-probe and initial probe behavior of
M. persicae adult apterae (p. 50, 51).
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Fable 1.

Total feeding times in minutes of 20 probes made by M. persicae into
each test solution.

Per cent Sucrose

Feeding Time (Total Access Time)
H O (1)
2

0.2

Sucrose

H O (2)
2

222.32 (254.27)
90.47 (110.96)
l io.07 (162.00)

50.41 ( 73.58)

81.04 ( 89.33)

342.33 (392.71)
74.00 ( 94.25)

124.26 (148.61)
24.01 ( 85.00)

14.69 (190.24)
113.08 (125.96)
37.47 ( 58.06)

174.77 (278.36)
169.85 (215.39)
31.92 ( 47.44)

2.0

28.80 ( 45.45)
36.74 ( 59.00)

106.70 (120.19)
76.86 ( 90.75)

118.32
78.45
16.93
172.25
74.03

5.00

58.99 ( 78.25)

260.43 (278.75)

92.93 (105.00)

10.00

99.79 (144.00)
32.62 ( 49.21)

216.41 (237.25)
187.53 (211.53)

58.38 ( 81.50)
69.69 ( 92.58)

15.00

25.84 ( 38.50)

133.16 (187.00)

57.83 ( 69.45)

20.00

22.50 ( 33.88)
30.61 ( 52.71)

161.64 (178.63)
197.59 (220.75)

18.50 ( 36.19)

].0

(151.17)
(110.27)
( 40.95)
(245.43)
( 91.00)
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Table 2. Analysis of variance for Experiment 1.
amino acids/20 per cent sucrose.
D.F.

Source

Feeding times: amino acids vs.

S.S.

M.S.

F-Ratio

0.89 n. s.
1337853.83 1337853.83
1
S
Treatments
0.12 n.s.
25358.43
25358.43
1
T
Time
1.21 n.s.
5474815.28 1824938.43
3
M
Amino Acids
0.12 n.s.
179990.45 179990.48
1
ST
Treatment x time
Interaction
Treatment x Amino
0.51 n.s.
2312720.38 770906.79
3
SM
Acid Interaction
Time X Amino Acid
1.34 n.s.
6063878.07 2021292.69
3
TM
Interaction
Treatment X Time
X Amino Acid
0.74 n.s.
3324130.01 1108043.34
3
STM
Interaction
A(STM) 48 72340088.79 1507085.18
Error 1
**
2 15658284.63 7829142.31 14.88
F
Feedings
Treatment X Feedings
1.41 n.s.
1487734.67 743867.34
2
SF
Interaction
Time X Feeding
4.52 *
4757041.91 2378520.96
2
TF
Interaction
Amino Acid X Feeding
1.20 n.s.
3782862.34 630477.06
6
MF
Interaction
Treatment X Time X
0.38 n.s.
400685.06 200342.53
2
STF
Feeding Interaction
Treatment X Amino Acid
0.96 n.s.
3014965.73 502494.29
6
SMF
X Feeding Interaction
Time X Amino Acid X
0.89 n.s.
2816413.23 469402.21
6
TMF
Feeding Interaction
Treatment X Time X Amino
Acid X Feeding Inter¬
1.45 n.s.
4576987.54 762831.26
STMF
6
action
AF(STM) 96 50504192.32 526085.34
Error 2
*95% level of significance**99% level of significance
Hpin
H^O (2)
Amino Acid
Cell Means:*
Total time
(minutes)
Total time
(minutes)

am
pm

313.57

1009.36

598.99

297.52
329.63

843.32
1175.39

815.55
382.42

Not analyzed for significance between cell means

Table 3.

Means and standard deviations for Experiment I.

Feeding times: amino acids vs. amino acids/20% sucrose.
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Table 5.

Means and standard deviations for Experiment ii.

The efj^ect of host-

plant substrates on the feeding behavior of M. persicae.

Substrate

Total feeding time
(hours)

Intact leaf

Mean

23.20
23.33
23.11

23.31 +0.21

23.59

Leaf homogenate with
with filter paper
>

17.01
18.52
.17.34

17.17+1.11

15.81

Leaf homogenate

9.31
10.39
12.85
13.11

Total access period is 24 hours.

11.41 + 1.86
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Table 6.

Least-squares analysis of variance and Duncan's multiple range test for
Experiment II. The effect of host-plant substrates on probe numbers of
M. persicae.

D.F.

Source
T
Treatments
Aphids within
Treatments A:T
Hours
H
Treatment X
Hour Inferaction
TH
Error

Mean Squares

Sum-of-Squares

F-Ratio

2

3076.72

1538.36

6.81 *

6
11

1354.52
721.91

225.75
65.63

4.47**

22
99

447.11
1453.73

20.32
14.68

1.38 n.s.

Duncan's Multiple Range Test
for Treatment Means
■'l

^2
Leaf Homogenate

Means

^3

Leaf Homogenate
with filter paper

13.15

10.44

Intact leaf

2.27

Duncan's Multiple Range Test
for Hour-Reading Means
Hjq

H2

Means

13.75

11.58

Hg

H22

Hj2

Hjg

10.00 9.92 8.83 8.17 8.00 7.08 6.92 6.83 6.58 5.75

950/,99%

H2Q

-
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Table 7.

Means, standard deviations, and least-squares analysis of variance for
Experiment III. The effect of non-host plant substrates on the feeding
duration of M. persicae.

Substrate

Feeding Time (Hours)

Intact Alfalfa

Mean

5.27
4.90

5.38 + 0.57

6.2]
5.41
Alfalfa Homogenate

3.87
4.23
4.12

4.23 + 0.35

4.71

Least-Squares Analysis of Variance
D.F. Sum -of-Squares

Source
Treatment
Aphids within
Treatments
Hours
Treatment X
Hour Inter¬
action
Error

Mean-Squares

T

1

2381.02

2381.02

A:T
H

6
3

1222.79
1024.29

203.80
341.43

TH

3
18

1160.11
2311.11

386.70
128.40

Total access period is 8 hours.

F-Ratio
11.68-^

2.66 n.s.

3.01 n.:.
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Table 8.

Comparison of the feeding behavior of M. persicae into host vs. non¬
host plant substrates: Least-squares analysis of variance and Duncan's
multiple range test for probe numbers.

Source
Treatments
Aphids within
Treatments
Hours
Treatment X
Hour Inter¬
action
Error

D.F.

Sum-of-Squares

Mean Squares

3

1645.17

548.39

A:T
H

12
3

577.44
58.42

48.12
19.47

TH

9
36

272.52
453.81

30.28
12.61

T

F-Ratio
11.40"^*

1.55 n.s.

2.40*

Duncan's multiple range test

1
Means

17.13

12.19

10.50

3.00
95% level of significance

99% level of significance

= Intact Alfalfa
“ Alfalfa Homogenate
= Intact Radish
= Radish Homogenate

Total access period to each substrate is 8 hours.
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Table 9.

Means and standard deviations for Experiment IV. The effect of
physical factors on the feeding duration of M. persicae.
Total feedinp
time (hours)

Substrate

Radish leaf h omogenate

5.19

with filter paper

6.19
5.42
5.13

Leaf homogenate
with bond paper

5.34

Mean

5.48 + 0.48

5.14 + 0.34
5.60
4.46

Leaf homogenate
with cotton

Leaf homogenate

5.00
4.34
4.10
5.10

4.64 + 0.49

3.41
4.82
4.67
4.83

4.4-3 +0.69

Wotal access period is 8 hours.
Table 10.

Least-squares analysis of variance and Duncan's multiple range test for
Experiment IV. The effect of physical factors on the feeding duration
of M. persicae.
D.F. Sum-of-Squares

Source
Treatment
Aphids within
Treatments
Hours
Treatment X
Hour Inter¬
action
Error

Mean Squares

p-R.atio

3

2244.36

748.12

3.01 n.s.

A:T
H

12
3

2981.03
1978.49

248.42
659.50

4.44*

TH

9
36

1419.68
5348.18

157.74
148.56

T

1.06 n.s.
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Table 10.

(continued from page 72)
Duncan's multiple range test
for hour-reading means

Means
(minutes)

Table 11.

H.

H

81.66

74.10

8

H

68.37

67.90

(continued from page 74)
Duncan's multiple range test
for hour-reading means

H2
Means
(numbers of
probes)

Hg

17.13
15.19
14.44
13.38
__
_
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Table 11.

Means, standard deviations, and least-squares analysis of variance
for Experiment IV.

The effect of physical factors on probe numbers of

M. persicae.
Substrate: Radish Homogenate

Total Number of
Probes

with filter paper

with bond paper

with cotton

Mean

37
40
73
58

52.00 + 16.79

37
60
41
57

48.75 +11.44

61
69
82
73

71.25+

39
78

alone

8.73

68.50 + 24.80

60
97

Least-Squares Analysis of Variance
Source

D.F. Sum-of-Squares

Treatment
3
T
Aphids within
Treatments
A:T 12
Hours
3
H
Treatment X Hour
Interaction
9
TH
36
Error

Mean Squares

389.31

129.77

828.13
120.06

69.01
40.02

96.56
383.88

10.73
10.66

F-/^atio
1.88 n.s.

3.75*
1.01 n.s.
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Table 12.

Analysis of variance and Duncan's multiple range test for Experiment
V. The effect of host-plant substrates on the duration of the initial
probe of M. persicae.

Source

Sum-of-Squares

D,F.

Mean Square

Between
treatments

1883567.69

3

627855.89

Within
treatments
Total

10517494.29

76

138388.08

12401061.98

79

F-Ratio
4.54**

Duncan's multiple range test (95% level of significance)
^4
Intact Leaf covered
with parafilm
Means

472.34

■^3
Leaf homogenate
with filter paper

^2
Leaf
Homogenate

374.50

314.73

Intact
Leaf
57.41

Duncan's multiple range test (99% level)

2
Means

472.34

374.50

314.73

57.41
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Table 13.

Analysis of variance and Duncan' multiple range test for Experiment V.
The effect of host-plant substrates on the duration of the pre-probe
time of M. persicae.

Source

Sum-of-Squares

Between
treatments
Within
treatments
Total

D.F.

F-Ratio

Mean Square

1751963.39

3

583987.79

2067558.63

66

31326.65

3819522.02

69

18.64**

Duncan 's multiple range test (99% level)
^2
Leaf homogenate

Means

Table 14.

412.24

^3
Leaf homogenate
with filter paper
248.78

1

Range of Adult Longevity (Days)

Alfalfa

2-7

Radish

12 - 30

Ten aphids placed on each plant.

28.58

40.16

Longevity of M. persicae on alfalfa and radish plants.

Test Plant

^4
Intact Leaf
with parafilm

Intact Leaf

Three replicates each.
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Table 15.

Comparison of the feeding behavior of M. persicae into host vs. non¬
host plant substrates: Least-squares analysis of variance for feeding
duration of M. persicae.

1
Substrate

Feeding Time (hours)

Radish Leaf

7.87
7.48
7.47
7.92

Intact Alfalfa: Stem and
Leaves

Mean

7.69 + 0.24

5.27
4.90

5.38 +0.57

6.21
5.41

Least-Squares Analysis of Variance
D.F. Sum-of-Squares

Source
Treatments
Aphids within
Treatments
Hours
Treatment X
Hour Inter¬
action
Error

Mean Squares

T

1

9522.73

9522.73

A:T
H

6
3

1048.69
685.26

174.78
228.42

TH

3
18

1573.18
1719.40

524.39
95.52

^ Total access peri od is 8 hours for each substrate.

F-Ratio
54.66**

2.39 n.s.

5.49**
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Table 16.

Comparison of the feeding behavior of M. persicae into host vs. non¬
host homogenates: Means, standard deviations, and least-squares
analysis of variance for feeding duration.
Feeding Time (hours)

Substrate
Radish Homogenate

3.41
4.82
4.67
4.83

Alfalfa Homogenate

Mean

4.43 + 0.69

3.87
4.23
4.12

4.23 + 0.35

4.71

Least-Squares Analysis of Variance
D.F. Sum-of-Squares Mean Squares

Source
Treatment
Aphids within
Treatments
Hours
Treatment X
Hour Interaction
Error

F-Ratio

T

1

71.25

71.25

0.26 n. s.

A:T
H

6
3

1593.80
433.42

265.63
161.14

1.35 n.s.

TH

3
18

702.01
2155.03

234.00
119.72

Total period of access is 8 hours.

1.96 n. s.
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Table 17.

Comparison of the duration of ingestion of M. persicae into host vs.
non-host plants: Means and standard deviations.

Substrate

Ingestion Time (hours)

Intact Radish

Mean

7.19
2.59
5.65
6.71

Intact Alfalfa

2.08

^

2.04
1.85
1.57

5.54 + 2.07

1.89 + 0.23

Total period of access is 8 hours.

Table 18.

Comparison of the duration of ingestion of M. persicae into host vs.
non-host plants: Least-squares analysis of variance.

Source

D.F.

Treatments
Aphids within
Treatments
Hours
Treatment X
Hour Interaction
Error
Table 19.

S urn-of- Squares

T

1

23993 64

A:T
H

6
3

11646 69
909 25

3
18

14739 91

TH

Mean Squares

F-Ratio

23993.64
.

12.36’^-

1941.12
303.08

0.90 n. s

4913.30
338.16

14.53**

Comparison of the feeding behavior of M. persicae into host vs. non¬
host plants: Analysis of variance for total time before the first ingestion probe.*

Source
Between
treatments
Within
treatments
Total

Sum-of-Squares

D.F.

Mean Square

596.16

1

596.16

3949.11

6

658.19

4545.27

7

F-Ratio
0.91 n.s

*This time does not include the salivation probe time of the ingestion probe.
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Table 20.

Comparison of the feeding behavior of
host plants:

persicae into host vs. non¬

Division of ingestion probes into salivation (S) time and

ingestion (I) time.
Substrate

Radish
Rep. 1

Radish
Rep. 2

Radish
Rep. 3

Radish
Rep. 4

Probe 'S' time
(min.)
No.

‘1' time
(min.)

Total Probe
Time (min.)

10
11
13
• 16
17
21
22
25
28
31
33
34
36
38
39

16.54
7.60
1.46
1.30
.51
23.54
7.36
.67
.59
1.50
12.09
9.15
14.45
23.62
12.32

514.63
4.25
31.93
3.58
1.54
229.49
.81
2.18
31.49
25.39
19.25
3.62
82.81
1.67
127.30 +

539.26
15.02
33.46
5.53
11.30
259.78
9.40
2.85,
33.46
27.06
37.26
22.46
119.75
37.01
174.12 +

11
18
20
24

26.97
14.47
13.14
60.04

33.86
121.26
79.13
840.00 +

66.53
195.28
102.56
964.90 +

6
9
20
21

37.70
14.31
15.63
.65

314.29
70.75
702.26
117.55 +

354.05
73.04
724.15
162.59 +

2
9
11
25

17.91
10.24
14.17
24.60

23.43
619.24
179.61
396.40 +

53.15
630.37
215.69
423.04 +

Total

Type of '1'

Access
Time

All Smooth

24 Hours
Smooth
Smooth/Spiky*
24 Hours

Smooth
Smooih

24 Hours

Smooth
Smooth
Smooth
Spiky

All Smooth
24 Hours
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Table 20.

(continued)

Substrate

Probe
No.

Alfalfa
Rep. 1

Alfalfa
Rep. 2

Alfalfa
Rep. 3

Alfalfa
Rep. 4

'S' time
(rn i n. )

'!' time
(min.)

Total Probe
Time (min.)

2
39
48

27.70
20.79
7.60

61.21
63.72
. 36.61

90.58
83.80
41.01

10
21
24

8.37
7.97
7.78

74.53
1.18
46.75

82.90
12.60
54.53

3
15
37

33.86
9.37
6.50

47.04
41.53
22.65

85.12
67.55
30.22

4
10
35
43

37.50
26.97
19.88
12.64

43.70
40.16
21.69*
14.84

81.89
67.32
41.65
27.48

Total
Access
Time

All Spiky
8 Hours

Ail Spiky
8 Hours

Ali Spiky
8 Hours

All Spiky
8 Hours

*On!y 10.32 minutes of this probe were contained within the 8 hours.
**‘'Smooth" ingestion (l),as illustrated in Figure 12.
"Spiky" ingestion (l),as illustrated in Figure 13.

Type of '1'

w

• N' jr'

.

• A.
U'l

* ’jl"”
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Figure I;

Schematic diagram of the components
used to record Myzus persicaa probing
activities.
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Figure 2. Effect of host-ptant substrates on probe duration of Myzus persicaa
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A. INTACT RADISH LEAF
B. LEAF HOMOGENATE WITH
■ FILTER PAPER
C. LEAF HOMOGENATE
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Rgure 5. Effect of non-host plant substrates on probe
duration and probe number of Myzus persicoe.
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NUMBER CFPROBES

Figure 6. Effect of f^ysical factors on probe duration and
probe numbers of Myzus persicae.
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Rgure 7. REJECTION OF ALFALFA BY Myzus persicae.

120

I

I

I

I

OQOOOOOOO

oo

cvl

—

(setnujuj) NOIlVana N0I1S39NI NV3^
SUBSTRATE ACCESS Tip/iE (hours)

Figure 8. Effect of host vs. Ron-host plants on ingssticn of Myzus psrsicao
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Figure 9.

i

Probe of Myzus persicae into intact radish leaf showing salivation

on (S) and ingestion (1) patterns.

Chart speed is 1 "/minute.

Four lines (vertical)

equals 1 inch.

Figure 10.

Probe of Myzus persicae into intact alfalfa.

ingestion (I); chart speed is 1 "/minute.

Figure 11.

Four lines (veriical) equals 1 inch.

Probe of Myzus persicae into intact alfalfa.

ingestion (I); chart speed is 1 "/minute.

Salivation (S),

Salivation (S),

Four lines (vertical) equals 1 inch.
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Figure 12.

Probe of Myzus persicae into radish plant first leaf homogenate

containing filter paper.

Salivation (S), ingestion (1); chart speed is 1 "/minute.

Four lines (vertical) equals 1 inch.

Figure 13.

Probe of Myzus persicae into radish plant first leaf homogenate

Salivation (S); chart speed is 1 "/minute.

Figure 14.

Four lines (vertical) equals 1 inch.

Probe of Myzus persicae into radish plant first leaf homogenate

containing filter paper.
(vertical) equals 1 inch.

Salivation (S); chart speed is T/rninute.

Four lines
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